On the Shoulders of Giants
In aclassic of scholarship,"On the Shoulders of Giants," [1] Robert K. Merton, ag reat sociologist of science,t races the involuted history of aremark by Isaac Newton, "If Ihave seen further it is by standing on ye shoulders of Giants." Mertons book is also ah umanist romp,ad eliciously humorous dissection of scholarly pretensions,i ncluding his own.
Merton follows TheA phorism, as he labels this apposite expression, back to Bernard of Chartres.A nd he documents its passage through am enagerie of more or less illustrious Gallic, Jewish, and Anglo-Saxon writers,toNewton, and past him to Claude Bernard, Bukharin, and Freud. Each should have cited the source of that seductive simile.Some did, some made up imaginary sources.S till others just tried to pass the expression off as their own creation, deigning citation unimportant.
Meanwhile,T he Aphorism kept its hold. Because it packages in ap hysical metaphor at ruth:E ven when we imagine (and want others to acknowledge) that our piece of hard-won knowledge is novel, better, or deeper than that which came before,w ek now that in fact it depends on what others have done previously.T he novelistsc itations are hidden, for PhD students to disinter.T he scientist (male and female) is perforce and explicitly homo citans et citatus.
This essay will first take al ook at the reasons why appropriate citation is essential to the well-being of our profession. It will then pass from ideals to two case studies of failures in citation in one subfield of chemistry and physics, that of hypothetical carbon allotropes. [2, 3] One of these cases has managed in three decades to accumulate an intricacy that took eight centuries for TheAphorism. Fault finding is easy; we will try to move beyond it in two ways.F irst, by giving down-to-earth suggestions for more-effective literature searching,a nd even advice on what to do if,G od forbid, you should be guilty of omitting ac rucial citation. And second, by introducing,a tl east in the specific subfield we discuss,acomputer-age tool for avoiding making af ool of yourself.
Why we cite
Thereasons are numerous;here is aselection. 1. The tradition of scholarship. To mix similes,i fn ot dwarves on the shoulders of giants,w ea re links in ac hain. Citation is natural, as old as the laziness that is most often behind the failure to give credit where credit is due.E uropean, African, and Asian scholarly cultures have left us with atradition. This is worth upholding,and not just in Anatevka. Take alook the citation-studded orthography of apage of the Talmud (redacted 600 CE), [4] or Confucius (551-479 BC), which cites the older texts of the Shangshu (Shu-ching,Book of Documents), [5] and you will see the scholarly chain displayed. Anthony Grafton, in his delicious book, "The Footnote:ACurious History," traces the evolution of referencing in European historical scholarship from the Renaissance onwards. [6] 2. History. Yes, there are new things in this world-a gram of buckminsterfullerene,s pecial relativity.B ut everything, absolutely everything,e ven the molecule and theory named, has antecedents.R eserving ethical considerations for aseparate category,w ea re unabashedly and persistently curious about how the new came about. Knowledge is received, and we respect that.
3. Utility. In our scientific papers we use measurements by others.W ealso use definitions,concepts,and techniques.Itis inefficient to repeat the calorimetry that determined the heat released in the burning of,say,10gof ethanol, or to rehearse the computation of the average position of an electron in am any-electron atom. So we cite the NIST Chemistry WebBook, an electronic resource maintained by the National Institute of Standards and Te chnology (which in turn cites and compares critically several experimental measurements of the heat of formation of ethanol). [7] Or we put in ar eference to Desclauxsclassic tables of atomic calculations. [8] 4. Avoidance of duplication. We cite so we should not, need not, repeat unnecessarily what was done before.Wewish to avoid duplication. Mind you, experimental measurements and computer proofs alike need checking.A sw ew rite this, there is ar eport of superconductivity at 200 Ki nam aterial ever-present in the chemistry labs of yore,h ydrogen sulfide. Youc an be sure the experiment is being repeated in several laboratories;i t sh ard to do so,q uite ad ifferent story from cuprate superconductors.T he vaunted reproducibility of scientific measurements needs to be probed;n one of this hurts the scientific method. [9] Is the ninth synthesis of palau'amine publishable?O f course it will be,ifdone by adifferent route than the first such synthesis or is otherwise distinguished. Is the design of acarbon allotrope,claimed to be unprecedented, publishable if there is ap revious paper on the same allotrope already in the literature?T his is going to be apoint in the two detailed case studies we will present. But we do not evade judgment: No,u nless the second paper adds value to the design, say by calculating some property.
5. Establishing credentials. We cite so that our fellow chemists see that we know the literature.T his is to establish the ground on which our discovery or insight may be seen as new or an advance in understanding.C rank papers are recognizable by their lack of citations,o rb yo bsessive selfcitation. As ynthesis of taxol that does not cite Robert A. Holtonsf irst synthesis of the molecule [10] is not likely to be published. Citing the other eight syntheses listed in the Wikipedia on the synthesis lists puts us into the grey area of the too little/just enough/too much citation.
By the time agood graduate student has written his or her PhD thesis,they can predict 90 %ofthe references in apaper published on the subject of that thesis.W hich is little consolation when that paper is not by themselves.
6. Priority. We also cite others (and our previous work) to establish our own research as innovative,a sd ifferent from what had been done previously.
Danger lurks here.Even as there is anatural tendency to doubt our own powers or originality (are we speaking about ourselves?),o bservation of human nature seems to point in another direction:p eople tend to exaggerate the quality of what they have done.W eh ate those papers whose authors think that the way to establish their own claims to originality is by downgrading the partial understanding that came before, citing errors,omissions,all that went wrong. ,surely someone else would have gotten it soon thereafter. [11] Or not so soon. But this is ap sychologically uninformed view for two reasons. First, given the paltry financial rewards of most scientific research, the ideas we have and the molecules we make are our "mind children". As such, they are priceless.A nd if someone does not cite them, it feels like av iolation. [12] Second, the truths we glean, the molecules we make,a re universal. But our world is shaped by individuals creating the new.A nd they do so through interacting with each other in ac ertain chronology.T he world is changed by hazard and circumstance.I fK ekulØ had not given us the structure of benzene 150 years ago,organic chemistry might have gone in ad ifferent direction, emphasizing molecules and reactions different from those that have shaped our chemical experience.
Establishing priority is important. Especially so when utility,a ttested to through commercial value,e nters the picture.The rewards are all that money can buy.Recognition of priority here is through the patent system, al egal fiat to exploit an invention in exchange for revealing it. Unfortunately,w edo not have the space and time here to probe the fascinating logic of priority and citation in patents,a nd the practice of "examining" patents,soast ofind prior art.
Patents aside,t he meaning of discovery is sometimes complex. We direct the reader to the fascinating history of the discovery and patenting of lasers, [13] and to the story of the discovery of oxygen, the subject of aplay by Carl Djerassi and Roald Hoffmann. [14] 7. Negotiating the "anxiety of influence". This category follows hard on the previous one.T he term is taken from Harold Bloomsr emarkable book, [15] and we are grateful to Mario Biagioli for reminding us of it. [16] We are aw alking congeries of influences-of our parents,o ur teachers,t he papers we have read. And somehow out of this patchwork of influences,aided by the workings of chance,wemake the new: amolecule that in fact was not on earth before,anew theory. How can we be original, when so much went into what we do?
Harold Bloom saw this tension as being most explicit in poets,for their forte was their originality.T his is perhaps not that different from scientists.Bloom worked out atypology of strategies used by poets,e xplicit and subconscious,f or denying, evading, and generally finding ways around the influence of other poets.T hese categories make for good reading,f or one can see point-by-point parallels in them to the experience of contemporary chemists.
What citations do for chemists is to allow them to negotiate the anxiety of influence.W ec ite work that piecewise precedes ours,wename the pieces,factual or conceptual, that enter what we do.A dmittedly,q uite selectively,a nd occasionally this gets us into trouble.T he web of the 50-odd citations of at ypical chemical paper reveals the influences, and at the same times serves to assuage the underlying doubts of the author about the originality of the work.
8. Connecting up the world. Itsw onderful to see an organic synthesis marked not only by ab rilliant plan (or ab rilliant salvage job once the initial plan went awry), but also the pulling into use of av ariety of synthetic methodologies that are scattered here and there across the literature. And for at heoretician, what ap leasure to have aw ay of thinking explain two or more puzzling problems,ones that no one would think of associating.R .B .W oodward talks of this in his Cope Lecture, [17] and it is what made Roald Hoffmann devote his Nobel lecture to the isolobal analogy [18] and not the history of orbital symmetry control of organic reactions.
9. Fairness. Such an old-fashioned concept, some might say.And is it not moored in the hypocritical class structure of colonial gentlemen?No, fairness is important. Ultimately,we cite to be fair.T oacknowledge the achievements of those who came before.B ehind this is an ideal, unvoiced, as hared conception of abody of reliable scientific knowledge built by many individual contributions.A nd ad elight, in at roubled world, that there is aplace where things are approximately as they should be.S cience is am icrosociety,a nd it was Merton who delineated for us how this society differs from others. One of its fundamental obligations (and satisfactions) is that one give credit where credit is due.A sM ario Biagioli suggested to us,science is also acommons;citations are part of the fees one pays to use it.
What Our Journals Say
TheA merican Chemical Society has as et of Ethical Guidelines to Publication of Chemical Research.
[19] On the subject of citation, these read:
"An author should cite those publications that have been influential in determining the nature of the reported work and that will guide the reader quickly to the earlier work that is essential for understanding the present investigation. Except in ar eview,c itation of work that will not be referred to in the reported researchshould be minimized. An author is obligated to perform aliterature search to find, and then cite,the original publications that describe closely related work. Forc ritical materials used in the work, proper citation to sources should also be made when these were supplied by anonauthor."
TheE uropean Association for Chemical and Molecular Sciences,inits "Ethical Guidelines for Publication in Journals and Reviews", [20] writes: "Authors have the following responsibilities: 3.1 To gather and interpret data in an honest way.Editors, referees,r eaders and publishers have the right to assume that submitted (and published) manuscripts do not contain scientific dishonesty and/or fraud comprising among others fictitious data, plagiarized material, reference omissions,f alse priority statements,"hidden" multiple publication of the same data and incorrect authorship.
3.3 To give due recognition to published work relating to their submitted manuscript by way of correct reference and citation. All sources should be disclosed, and if as ignificant amount of other peoplesm aterial is to be used, permission must be sought by the author in accordance with copyright law."
TheC ouncil of Science Editors (CSE) published in 2006 and revised in 2012 a"White Paper on Promoting Integrity in Scientific Journal Publications". [21] Thef eeling we get on reading its 81 pages is of CSE "running scared."A sf ar as citations go,i th as aw hole section on citation manipulation, but good citation practice is mentioned only two times,asfar as we can see:
"The reviewer should ensure that an observation or argument that has been previously reported be accompanied by ar elevant citation and should immediately alert the editor when he or she becomes aware of duplicate publication.
…editors should require authors to Cite and reference other relevant published work on which the submitted work is based."
These are good statements,but overall, the White Paper is disappointing.C odes and guidelines serve many functions: Even as we know that human beings may violate them, we set out in them ideal (yet realistic) norms.They certainly serve as more or less legalistic standards in case of violation, but they also have am oral and exhortatory purpose.W et hink it is as important to show young people in our profession what is right and good as it is to draw lines,p rescribing violations.
We wish our journals would say more.Actually,the ethics of citation is one place where the time-honored journal peer review process does well. Scientists are people,and people are people,w hich means that they are lazy,e ven as they are decent. Roald Hoffmann has looked carefully at unrefereed papers,s uch as those in arXiv [22] (a repository of electronic preprints not taken to by chemists,b ut used widely by physicists,astronomers,and others). To him, these papers are often deficient in the quality of their illustrations and the fairness and adequacyofthe way they cite the literature.W e posit that this is not done maliciously,j ust out of laziness.I n aw ell-refereed journal, the reviewers enter the context of criticism. It is their business to find fault, often to our annoyance when it is our papers that are being reviewed. If the referees are properly chosen-it is the editors mØtier to do this-then this is where reviewers shine.T hey tell us of work we have missed, of work to which we should have given more credit. They keep up the ethics of citation. And they also get the authors to improve their drawings.
Use engenders abuse,t hat is the human condition. Most citation sins are of omission, but there are some of commission. We avoid explicit discussion of scientific misconduct, fraud, and plagiarism. [23] This is not because we are unaware of them, and not because they are unimportant. Itsj ust that we dontw ant to be distracted from showing why citation really matters,a nd helping people to improve their citation practice.Y et, as Harriet Zuckerman wrote to us, [24] itsn ot ab ad thing to remind scientists of these blights upon our profession, and their apparently growing incidence.
If citation is our subject, it is especially important that we bring to the reader as election of previous thought on the subject. To show,a mong other things,h ow unoriginal we are… This we will do,b ut itst ime to move to some specific illustrations.W et hen return eventually to the literature on citation practice and ethics.
Carbon allotropes
We are going to look at hypothetical structures for arguably the most important chemical element, carbon. Diamond and graphite have been known for millennia, but it is only 100 years ago that we learned (from single-crystal Xray diffraction) the structure and metrics of cubic diamond (1) [25] and graphite (2), at roughly the same time. [26] Graphite is known in hexagonal and Bernal forms,which correspond to different stacking of what are now called graphene layers. Hexagonal diamond, or lonsdaleite,w as established some years later, although its existence has been recently questioned. [27] It became clear early on, at least on paper,that diamond and graphite are really the first members of af amily of polytypes.T he small dispersion energies involved in the aggregation of graphene layers imply av ariety of stacking modes:AA, AB,ABC,and so on. Fordiamond, strong as the bonds between what we perceive as horizontal cyclohexanoid sheets are (part of that is an illusion created by our inability to integrate layers and true tetrahedral symmetry-there are chair cyclohexane rings,b ut no distinct axial and equatorial bonds in cubic diamond), one can also envisage polytypes. Lonsdaleite is the first in an infinite series.S iC makes them real, with av engeance.
Humanitysi ncendiary proclivities have no limit. So all along we have had avariety of pyrolytic carbon materials that resist structure determination. Out of astudy of one of these, in what is perhaps the first suggestion of ahypothetical carbon allotrope,came H. L. Rileys1946 structure 3. [28] Structure 3 is clearly low in density and relatively unstrained. Rileysc arbon, subsequently named "polybenzene," [29] will not have ac hance against diamond at high pressure.But one day,chemists will find aclever way to make it at ambient pressure.
Next in the roll of real allotropes came buckminsterfullerene.I tw as initially ag leam in theoreticians eyes (none of whom cite each other), [30] sadly ignored, and then discovered for real in gas-phase carbon-ablation studies [31] and eventually synthesized in bulk. [32] Now relatively cheap,t he molecule, which is thermodynamically unstable but kinetically very persistent, has become aw onderful nexus of chemistry and physics.And of course,there is afamily of larger and equally persistent fullerenes,a swell as nanotubes.
With no disrespect towards fullerenes,l et us restrict ourselves to 3-dimensional infinite networks of elemental carbon. One of us (Roald Hoffmann) [33] and Ivan V. Stankevich [34] separately began to think about carbon allotropes in the early 1980s.W es how here two structures the Hoffmann group came up with: 4 [33] (with TimH ughbanks,M iklos Kertesz, and Peter Bird) and 5 [35] (with Mike Bucknum; further work on 3,4-connected nets with Ken Merz, Sandy Balaban). [36] Where available,w ep rovide bold three-letter symbols for nets (as suggested by M. OKeeffe) [37] ,h ere ths and tfi,respectively. tfi stands for three-four-#i, and there are also tfa, tfb and so on. Both ths and tfi have been observed in many coordination networks.The nets in structures 1, 2, 3 are called dia, hcb, pbz,respectively.
As plane-wave-based calculations of extended systems became easy to do,t he flood gates opened, so to speak. Computational chemistry and physics at an intermediate level has always been easier than experiment. We have counted several hundred papers suggesting "new" carbon allotropes. We put "new" in quotations,b ecause,a sw ew ill show,m any are repeats.A nd the titles of the papers that describe them donts top with "new" or "novel"; enhancers such as "superhard", "remarkably stable", and "viable" abound. Let us not get into what is at work here,namely hype. [38] We introduce next the first of two detailed case studies of citation amnesia in the field of carbon allotropes.W ed os o with trepidation, since the terminology of this subfield of solid-state chemistry quickly grows arcane.G iven the sad compartmentalization of our molecular science,the extension in three dimensions of what on close examination are no more than the simplest organic building blocks,c oupled with the nomenclature of networks,b uilds up in no time the kind of complexity that makes our mind cloud over. We know that this is so,and apologize to the reader for subjecting him or her to the detail necessary to establish our case (or Mertonsi n "On the Shoulders of Giants"). Youw ill be forgiven if you skim over the next section.
Davide's story
In August 2014, while working on building adatabase on carbon allotropes,D MP came across ap aper in Phys.R ev. Lett. proposing at hree-dimensional elemental carbon kagome lattice (CKL) and the structurally related interpenetrated graphene network (IGN). [39] Theauthors did not report the coordinates-unfortunately this tendency is quite common in the literature of hypothetical carbon allotropes,which makes the results quite difficult to reproduce-but only the unit cell and some bond lengths.N onetheless it was evident that the reported 4-connected net was the same as one called hcp-C3, which was reported in 1999 by P. A. Schultz, K. Leung and E. B. Stechel from Sandia National Laboratories. [40] This net with small 3-rings was later observed in the zeolite nitridophosphate-1 and called NPO, [41] hence the net name npo in the RCSR database (6) . Digging deeper, we found that npo was reported in 1992 as net 36 in Figure 2b y M. OKeeffe in his enumeration of uninodal nets with 3-rings, [42] which refers back to J. V. Smith in 1979 (net 94 in his Figure 7 ), [43] both reported as already described by A. F. Wells in 1977 (Figs 9.15a and 9.16 of the remarkable Wells book). [44] Thes tory just begins here.I n2 003, npo is described as ah exagonal sphere packing 4/3/h3 by Sowa, Koch, and Fischer in their ongoing research on the complete derivation of all homogeneous sphere packing, which was started in the seventies. [45] More recently, npo was re-examined as hcp-C3 in 2012. [46] Furthermore,t he structurally related IGN (see above) can be traced to an et called 3,4-bik-Cmcm [47] and had been reported as ZGM-12.
[ 48, 49] Indeed the work on CKL and IGN focuses on properties not studied in the previous report on hcp-C3a nd ZGM-12, but nonetheless,p revious reports describing these structures should have been cited.
But no one is safe in this field, for many networks were known before their re-discovery as carbon allotropes;infact in the cited 1999 paper on hcp-C3, abody-centered tetragonal allotrope with 4-rings was reported as bct-C4. Electronic bibliographic searching of the literature was harder then, and so P. A. Schultz, K. Leung,and E. B. Stechel also missed that the same net was reported earlier by R. H. Baughman and D. S. Galvao, [50] there called 8-tetra(2,2)tubulane,a nd was mentioned af ew years later again by the same group,n ow calling it R 2 . [51] Whatsi naname?T he same net has also been called "rectangulated carbon", [52] with proper reference to the Baughman works;s imply "D", [53] with no references except to A. F. Wells seminal works (see below);a nd (2,2) I4/ mmm(2), [54] with no specific reference. After af ew years of silence,a ni mportant experimental study on cold-compressed graphite [55] stirred the theoretical community to action, and the structure reappeared twice in 2010:i nM arch as bct-C 4 ,a"viable sp 3 carbon", [56] with reference to the 1999 Schultz paper,a nd in October as plain "bct-carbon" with the laconic sentence "This structure appears to be similar to that found in previous studies" referring to the 1999 Schultz and 2004 Strong papers. [57] A veritable torrent of papers followed, recomputing the same structures (together with other hypothetical ones) and calculating all kind of properties, [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] [68] without citing the older references.The earlier work of Baughman was acknowledged, together with Umemoto 2012, only in two papers. [69] Three other publications cited the 1999 Schultz paper. [70] Only one group,t hat of E. A. Belenkov,h as carefully collected all references and atomic coordinates in ab ook [71] and several papers. [72] They used the nomenclature LA3 for bct-C 4 and TB for npo.
Moving to more chemical literature,itiseasy to find that the network of bct-C 4 is known as crb (7;t he boron framework of CrB 4 and related compounds). [73, 74] In 1988, it was proposed as atetragonal carbon net by J. K. Burdett and E. Canadell. [75] But the net was known much earlier to the great structural chemist A. F. Wells;o ne finds it in his 1954 second paper of the series "The Geometrical Basis of Crystal Chemistry." There it is called Net 7a nd illustrated in his Figure 6 . [76] In 1971, W. Fischer in his search for tetragonal sphere packing shows crb as 4/4/t5 in his Figure 4 . [77] And the zeolite expert J. V. Smith called it net 3. [78] In 1977, Wells reported crb as (4. 6 5 )-a in his book [44] ,together with npo,and in the paragraph dedicated to nets with point symbol [79] m.n 5 writes: "The nets 3.6 5 and 4.6 5 are particularly closely related, since they consist of "cylindrical" tunnels on the walls of whicht he plane 6-gon net is inscribed, three tunnels being linked by 3-gons in 3. [80] Both nets are drawn as projections in Figure 9 .15 and as stereopictures of handmade models in the Wells reference Figures 9.16 and 9 .17. Thelatter 4 2 sphere packing npo is also illustrated in the cited 1954 Wells paper as ap acking of tetrahedra in Figure 17 . Like npo, crb was found as the underlying net for ab ody-centered tetragonal tectosilicate with the zeolite name BCT.
Some final comments.A ss hould be crystal-clear to anyone in the field, if you think up an ew net, youdb ew ell advised to look for it in Wells. [44, 81] And/or in more recent collections like RCSR [Ref. [37] ].M ore on nets could be found in Ref. [82] ;for the use of net collections in the search of allotropes see Ref. [83] . [82, 83] Thestory we have elaborated also resembles one told af ew years ago [84] about another hypothetical carbon allotrope,t his time a3 -connected one called srs.
We also note,s adly,t hat the original older papers are much less cited/remembered that the two that stirred the field in 2010. Thec itations collected to date are:2 3f or 1993 Baughman et al. [50] and 25 for 1999 Schultz et al., [40] while 2010 Umemoto et al. [56] has 124 citations and 2010 Zhou et al. [57] has 60. This is not Mertons" obliteration by incorporation", itss omething else.
To summarize:Not quite Bernard of Chartres,but Heesch and Laves in 1933 (3.6 5 -npo) and Wells in 1954 (4.6 5 -crb).
Citations for citation
There is another case that we wish to put before you, but let us return first to citation practice.W ehave no pretensions to being original in delineating the reasons why we cite.T he practice of citation itself is very old, as weve mentioned. Science came to citation late,i ts practices borrowed from established modes of scholarly argument in literature,r eligious dispute,a nd legal practice.
Once,there were guides to good citation practice.Here is what Jacques Barzun and Henry Graff write in the 5th Edition of "The Modern Researcher" (the first edition, in 1957, had the same words):
"Though the researcher is never entirely free from the necessity of accounting for his words through footnotes,i ti s not the writer who determines the number and fullness of these notes,but the subject at hand and the presumable audience.T o the extent that footnotes communicate ap art of the meaning and attest reliability,they are as important as any other part of the work. Hence an author should develop judgment about when and what to footnote.
All quotations that are more than passing phrases or anonymous remarks require af ootnote.S od oa ll novel or startling assertions and all distinct elements in ademonstration or argument. Beyond this.Agood rule is to write an ote whenever you think an alert person might feel curiosity about the source of your remarks." [85] Barzun and Graffsbook, directed primarily at humanities scholarship,h as af ull, readable chapter on "The Rules of Citing." From which the above quotation is drawn.
More directly aimed at scientists is E. Bright Wilsons 1952 advice in his "A nI ntroduction to Scientific Research": "Ample references are important in order to enable the reader to obtain the immediate historical background of the problem and any previous attempts to solve it. References should also be given to more complete descriptions of the apparatus used or to descriptions of the apparatus or method from which the present one was evolved. Any outside data, facts,e quations,o ra rguments employed should be supported by references.F inally,p apers reaching similar or opposed conclusions should be listed… …In the whole matter of credit to others,including aproper perspective of the background in the introduction, references throughout the text, and credit at the end, agenerous attitude is the most effective one from ap urely selfish viewpoint. Scientists form one group whichi sp ractically never deceived by men who push themselves forwardo nt he work of others. Failure to give proper credit to anothersw ork can generate more bitterness than any other action." [86] AN ational Academies pamphlet "On Being aS cientist: Responsible Conduct in Research,"n ow in its 3rd Edition, has avery nice section on Sharing of Research Results.Itsays in part:
"Once results are published, they can be freely used by other researchers to extend knowledge.But until the results are so widely knownand familiar that they have become common knowledge,p eople who use them are obliged to recognizet he discoverer by means of citations.I nt his way,r esearchers are rewarded by the recognition of their peers for making results public… Citations are important in interpreting the noveltya nd significance of ap aper,a nd they must be prepared carefully. Researchers have ar esponsibility to search the literature thoroughly and to cite prior work accurately.I mplied in this responsibility is that authors should strive to cite (and read) the original paper rather than (or in addition to) am ore recent paper or review article that relies on the earlier article." [87] In 2010, DMP with Blatov and OKeeffe wrote apaper on nomenclature for nets. [79] This work has been quoted more than 300 times,but quite often using the wrong nomenclature, the one that we tried to teach people to forget. Thepaper was cited, but clearly not read. Simkin and Roychowdhury come up with aw ay of estimating from as tochastic model the percentage of citations actually read by the authors;i ti s adiscouragingly low number. [88] At the 2nd World Conference on Research Integrity, Singapore,J uly 22-24, 2010, ap osition statement was developed on "Responsible research publication:i nternational standards for authors." It has af ew (too few in our opinion) items on citation, among them: "2.6 Authors should represent the work of others accurately in citations and quotations.
4.3 Relevant previous work and publications,both by other researchers and the authors own,should be properly acknowledged and referenced. The primary literature should be cited where possible.
4.4 Data, text, figures or ideas originated by other researchers should be properly acknowledged and should not be presented as if they were the authors own.Original wording taken directly from publications by other researchers should appear in quotation marks with the appropriate citations." [89] With time,wethink one saw less and less guidance for the budding scientific writer;o nest eacher and the literature served. There was an upwelling of interest and writing about citation practice in the years 1963-1979, around the practice of citation indexing pioneered by Eugene Garfield at the beginning of this period. Thepoint was that citation indexing could not be of value unless citation practice was of value.As Gene wrote: "Obviously citation indexes will be effective only to the extent that the bibliographies in published papers are accurate reflections of the earlier literature." [90] In his remarkable Current Contents columns,which those of us of ac ertain age remember well, Garfield wrote on numerous occasions,i nh is wonderful, incisive style,o f citation indexing;t he fragile individual issues of this small magazine have largely disappeared, but fortunately,G enes essays have been collected. [91] In one of those essays,Garfield also formulated, asuccinct list of the reasons why one cites: [92] "1. Payingh omage to pioneers 2. Giving credit for related work (homage to peers) 3. Identifying methodology,equipment, etc. 4. Providing background reading 5. Correcting oneso wn work 6. Correcting the work of others 7. Criticizing previous work 8. Substantiating claims 9. Alerting to forthcoming work 10. Providing leads to poorly disseminated, poorly indexed, or uncited work 11. Authenticating data and classes of fact-physical constants,etc. 12. Identifying original publications in which an idea or concept was discussed. 13. Identifying original publication or other work describing an eponymic concept or term as,e .g., HodgkinsDisease, ParetosLaw,Friedel-CraftsReaction, etc.
Disclaiming work or ideas of others (negative claims) 15. Disputing priority claims of others (negative homage)"
There is substantial overlap with our list. We owe much to Gene,a nd this the reason our paper is dedicated to him. Yes, the plague of "impact factors," and the dubious application of "scientometric" criteria to assign worth to individuals have grown out of his invention. But the abuse of innovations of value is,s adly,h uman. Eugene Garfield is special. So Harriet Zuckerman writes:" Gene is extraordinary in so many ways, extraordinary not only for bringing citation indexing into being not just in the sciences but also in the social sciences and humanities but, also, as you know, for making sure the act of citing was placed its very large intellectual context." [24] And Leah Rea McEwen perceptively says"…he has always been very open and up front about his techniques and underlying premises.A nd they are based on core scientific practices such as citation, allowing the individual scholar to knowledgeably participate in the practice." [93] Roald Hoffmann has found especially informative a2004 PhD thesis by Jeppe Nicolaisen, [94] which was published in part. [95] In Chapter 2o fh is thesis,o n" Theories of Citing", Nicolaisen argues that attitudes toward citation are strongly influenced by conflicting philosophical/sociological world views of science.Those with arealist/normative outlook look at citations as one way to communicate faithfully our state of knowledge of the world, gained through experiment and theory.The second group,loosely called social constructivists, view scientific knowledge as socially constructed, and citations then become at ool in that construction. RH, always rooting for the middle, [96] sees value in both views,and found Nicolaisenst racing of the possible objections out there to Mertonsviews particularly interesting. TheN icolaisen article also has an abundant list of references to discussions of citation. We reference as mall selection here,with some inclination among the more recent ones for discussions of specific chemical cases. [97] [98] [99] [100] [101] [102] [103] In limiting here the references we give to am uch larger literature,w ea re painfully aware that we are making the same kind of existential decision that faces every author of ascholarly or scientific contribution.
Also exceptionally valuable is an article by Lutz Bornmann and Hans-Dieter Daniel, brought to our attention by areviewer. These authors bring together the largest collection of studies of citing behavior that we have seen, and effectively perform ameta-analysis of the literature in the field. [104] As the leading sociologist of science of the age,M erton took as pecial interest in citation as the currencyo f reputations.H ew rote of standing on the shoulders of giants, as we noted. And he formulated the Matthew Effect, [105] and introduced the idea of obliteration by incorporation (he called it the "anatopic or palimpsestic syndrome" in On the Shoulders of Giants). [1, 106] We will end our essay with aMerton citation.
Modern Times
Thecase we have shown, and one to come,isaninstance of the overt failure of citation practice:t he omission of citation of previous work because the work was unknown to the author.L etsg ive them the benefit of the doubt on that. Thef ailure to cite in these cases is essential to the claims of the paper;t he work not cited constituted clear precedent. And even though there was value added in the papers we will mention, it is clear that they would not have been written in the same way had the authors known of the previous work. Would the papers value have been diminished?P erhaps, although people have unlimited imagination in enhancing the apparent value of their own work. Thefailure in each case was innocent. And it was also unnecessary;i tc ould have been avoided.
Information technology and the computer have democratized access to the literature.A lthough it is expensive to subscribe to SciFinder,o ur anecdotal feeling is that the literature and ways to search it digitally are just more available than before.And not just in rich countries;byhook or by crook, scientists around the world find their way to journals and search tools.
Google,B ing, Yahoo,G oogle Scholar,a nd other search engines are just incredible at unearthing information in the scientific literature,even as they visually crowd the webpage with commercial junk. SciFinder, Scopus,and WebofScience are available to most chemists.One has to learn to search. The basic craftsmanship of science searching is largely intuitive, part learned. Theadvice we will have to give below on this is so self-evident as to seem silly.A nd yet the obvious was not done,over and over again.
Some searching remains as difficult as it was in the days of aphysical library,and the endless shelves,intimidating tomes of Chemical Abstracts and Zentralblatt in that library. Finding out whether ac alculation has been done previously on aC CCF molecule is relatively easy,s earching for the products of its dimerization or oligomerization is more difficult. One of us (Roald Hoffmann) was amazed that he could search in SciFinder for astructure with stereochemistry, for example, trans-fusions of ac yclobutane with ac yclohexadiene.And amused that some of the hits were not really hits, because someone had to make adecision (an incorrect one) of the stereochemistry of ring fusion in an abstracted paper that failed to indicate precisely that. [107] Somehow,o ne thinks it should be easier to search for precedent today.A nd we think it is,s howing along the way anew computer-based tool for our specific concern of carbon allotropes.H ow can it then be that there are such failures of citation?Itisas if peoplesintellectual laziness has grown in proportion to the information technologies available to them! Aperceptive reviewer of this paper objected to our facile blame of laziness.His words are worth quoting:
"Are scientists today inherently lazier than those of former times or are there other factors-perhaps amultitude if,infact, the premise regarding failure to cite is sustainable-that need to be considered?C ontributing factors might include:i )the movement of recent years towards interdisciplinary research, leading to the requirement of citing literature in afield in which the scientist may not be an expert, ii)the explosion of scientific publications compounded upon the facts taking on amore and more distant significance,resulting in the struggle for the young (and not so young) staying on top of ever-expanding fields as new ones come into being,oriii)the excessive focus on metrics arising from the information age that encourages ac ulture of rankings trumping the scientific method. In an accelerating culture where time is at ap remium and productivity is everything,scholarshipstands the risk of suffering in exchange for expediency." [108] Well said. We would still argue that there is ac omputerage-based incentive to human laziness.W ei nteract with information technology,a nd see so clearly how efficient computers are at certain things,beitsearching on our laptop for am isplaced phrase,o rr eordering the endnotes in this paper.Sowhen we ask the computer to search for amolecule or ac hemical concept, we forget that garbage in is garbage out, [109] and in our psychological reliance on what the computer can do,a ssume that its search-with our limited search phrase-will bring us the world.
So that this paper should not turn into aj eremiad, let us say just asentence in praise of laziness.Inthe present context, that human characteristic at least has one good thing about it; it keeps people from including too many citations.
Roald's Story:A3,4-connected net
Now for the second case of citation amnesia. Again, we beg the readersforgiveness for the technical detail.
In November 2013, Roald Hoffmann looked at the weeks articles in his Old Reader RSS Aggregator,and came upon an interesting paper in the Nov.19, 2013 issue of Proceedings of the National Academy of Sciences.I tw as entitled "Stable three-dimensional metallic carbon with interlocking hexagons", authored by S. Zhang,Q .W ang,X .C hen, and P. Jena. [110] Thefirst Figure in the article looked awfully familiar. It was in fact the unit cell of tfi, the structure shown above as 5,called T6 in the PNAS paper and glitter by Roald Hoffmann and Michael Bucknum; [35] the latter has published further on this and related nets. [111] [112] [113] [114] They examined T6 and calculated its electronic structure,i ts phonons,a nd its stability.I n as maller part of the paper, another lattice,r elated to 5,w as examined. Our original paper of 1994 also computed the electronic structure of this hypothetical carbon allotrope, which contains both 3-and 4-connected carbons, [115] which are generally called sp 2 and sp 3 carbon atoms.
[116] It did so with aless sophisticated method than that used in the Zhang et al. paper,b ut also found it metallic.
TheZhang,W ang,Chen, and Jena paper did not cite our paper.There was absolutely no question of plagiarism;itwas clear from the way the work was presented and performed that the Peking University work was original. They just missed our work. Yeto ur work was not published in an obscure source,but in one of the two top chemical journals in the world!A nd it was pretty widely cited in the literature to boot.
Clearly we had ab ottom-to-top failure of the entire publication process.N either the four authors,n or the editor for the paper in PNAS (H.-k. Mao;P NASo perates with as ystem of named editors assigned to ap aper), nor the reviewers whose opinion the editor solicited was able to spot ap revious paper on the subject in the Journal of the American Chemical Society.
Thematter was resolved by my bringing our earlier paper to the attention of the authors,who published acorrection. I had to remind one of the authors to also correct ap ress release that his university had released on the paper.
Searching, searching
What went wrong in the case just discussed?T he authors say they searched diligently,y et did not find our paper. It is indeed not easy,a nd was not in the past (however,i tw ill be easier,aswewill indicate below) to search for 3-dimensional networks,orfor that matter,for any concept or category.But itsn ot that hard to do this in the IT age.H ere is some selfevident advice for searching: 1. Use several search engines. 2. Think up different ways of getting at the same information, for example,different search terms. 3. Have each researcher on ap aper search independently.
Perhaps ask someone outside the group to read your paper draft and then search on the basis of an uninformed reading. 4. If you know that aresearch group has worked in the area, have your junior co-workers go diligently through ap ublication list of the senior member of that group (usually available online). 5. If you can spot an important early paper in the field, trace references to it through Webo fScience.
6. Send an advanced draft to experts in the field, asking specifically if they know of any omitted references.
More generally,w e 'da dvise preemptive training of your students and postdoctoral associates.O ne variant is to give them another paper of yours,removing the endnotes,and see how many of the essential ones they can reconstruct.
How to Deal with Misfortune
What if,d espite diligent searching, you have failed to reference ac rucial paper in ap ublished paper of yours?I t happens,even to the authors of this unduly preachy paper.In fact, Roald Hoffmann estimates it happens to him in about one third of the too many papers he publishes.
There are two possible circumstances:1)that you find the omission yourself,a fter publication, and 2) the author of the missed paper writes to you. Letst ake first the toughest scenario,the second one.
In your response to the missed authorsl etter, first,y ou must not offer excuses,orfind fault with the complainer.
Apologize.
Intellectual property is what scientists treasure,a nd if that property-ideas,m olecules-is not acknowledged by others,ithurts,asweand Bright Wilson and Mario Biagioli said. It just plain hurts.Whenyou have hurt someone, the first thing to do is to comfort or sympathize with them. Just as you would with your son or daughter,ifthey fell down, no matter whether it was aconsequence of some stupid thing they did. Especially you should apologize first if you have caused the pain, even if it was unintentional.
Second, provideaplan for howy ou will rectify the fault. Youcan say,for instance,"Iwill be sure to cite your paper in any future publication by me on this subject", or you can offer to put in ac orrigendum to your article in the journal.
If instead of these two openings,you begin your response by criticizing the person who complained, as much as you want to do this,and even if it is deserved, then you, and no one else but you, is escalating the emotional level of the discourse. Or to put it in plain English, starting afight. This is not agood idea;the world has enough strife,between countries,between spouses.W ork to defuse conflict, not to create it. No one will think you are apoorer scientist for apologizing.And you will feel better about yourself if you do.
Third, do not blame your student or collaborators for the mistake.M aybe they did not do good enough jobs in their literature research, but then 1) for the student, who is it but you who failed to train them to do ag ood job?2 )for the collaborator,y ou failed to check their search. In science one trusts everyone,and one is skeptical of everyone,especially of friends,and of yourself as well. Please do not get angry at your wife or husband, or children, just because you messed up.
Fourth, use the experience to improve your performance in the future.T hink though the first excuses or criticisms of the person whose work you missed that rise to mind. Most such criticisms,s uch as "The work was published in an obscure (Russian, Chinese,A merican, open source…) journal", or "The idea was not emphasized sufficiently by the original authors in their paper" are actually testimony to your laziness,n othing else.Use the fiasco to improve.
Other excuses,along the lines of "Nature (the magazine) lets you have only 30 references;Iknew your work, but couldntg et it in", or "My collaborator was the lead on the paper,a nd he cut the reference out" are transparently only excuses,orevidence of your insufficiencies.Ifthere is achoice of removing areference of your own versus that of someone else,r emove your own. You'll feel better after you do. Now to the easier case,t hat when you spot the omission yourself (or someone other than the author of the wronged paper points it out to you). We would recommend the same as above:w rite to the authors along the first two lines above.
What to do if you spot the omission to cite paper Ab y paper B, neither your own?W rite ap olite letter to the corresponding author of paper B, gently pointing out the work in paper A. Iw ouldnts uggest in that letter that the author of paper Bd oa nything,b ut people will differ here. Send acopy of your letter to the author of paper A. Youwill make af riend. [117] We showed earlier two detailed cases of failures of citation practice.W ed on ot just complain, we are intent on doing something about it, even if it is in this quite constrained subfield of solid-state chemistry.The next section shows what we have done;itisinevitably technical and could be skipped by the reader.B ut he or she should not miss the last Figure, ag raphic that epitomizes what can go wrong.
AC omputer-Age Tool to Help Authors in the Field of Carbon Allotropes
Honesty in citation practice will never be something that can be delegated to ac omputer.E thics is for humans. Davide M. Proserpio and his collaborators Artyom A. Kabanov and Andrey A. Golov have designed atool that will help future workers in the field of carbon allotropes to avoid duplication and find their way to better citation practice.Had this tool been available to the community,the cases described above could have been avoided.
We searched the literature for carbon allotropes with three databases-Web of Science,S copus and Scifindercrossing all the references,e xtracting the coordinates when available,o ra sking the authors to provide them, or guessing from the figures and the scant data available in the older references.Weexamined more than 500 papers (most of them published after 2000) collecting geometrical data (as crystallographic coordinates) for more than 600 allotropes.With the help of the suite of programs for topological crystal chemical analysis ToposPro, [118] we compared them in order to find duplicates (often called by different names,a sm entioned above), finally extracting 280 unique 3-periodic carbon allotropes.T hey were of 256 distinct topological types,i n other words,d ifferent underlying nets:a na llotrope containing an inserted C Ct riple bond that just extends the length between nodes 3-or 4-coordinated has the same underlying net as the parent with direct single CÀCb onds. [119] We assigned aunique name to each, following the same strategy adopted in the analysis of coordination networks.F irst, if available,weused the three-letter name in RCSR, [37] and then other names already in use for coordination networks.For the remaining 125, we adopted acompact name consisting of alist of the inequivalent 3-and/or 4-coordinated nodes,acapital letter "T" for 3-periodic,a nd an ordering number. For example,t he six allotropes described by Baburin et. al. that were extracted from zeolite nets without 3-or 4-rings [120] are named 4^6T16, 4^6T17, 4^6T18, 4^7T12, 4^8T15, 4^8T16, showing that they have 6, 7, or 8d istinct 4-c nodes.T he maximal space group symmetry of the nets was found by using Systre [121] from the Gavrog package. [122] All the data are collected and organized as aweb To help the researcher, we decided to re-compute all collected allotropes using the same level of approximation to extract the relative energy per atom with respect to diamond. All computations were performed using the VA SP program suite, [123] with an energy cutoff of 400 eV,G GA-PBE pseudopotential;t he tolerance for ionic relaxation was set at 10 À6 eV.W eallowed full relaxation. Therelevant k-mesh was generated automatically,a si mplemented in VA SP.T he maximal symmetry of optimized structures (output in space group P1) was found by using PLATON. [124] Some calculations in the original papers may be better than ours,and still better ones may be performed, of course;t he virtue of what we have done is that it is au niform comparison. Other physical properties were extracted as well and the coordinates of the nets are downloadable for comparison. See the Supporting Information for al isting of the parameters SACADAcomputes and specifies.
We have learned ag reat deal in the construction of this database,a nd would like to share apart of that.
We begin by showing the distribution of coordination numbers in the allotropes in the literature (Figure 1 ). In Figure 2w es how the distribution of allotropes by computed energy,w ith the computation performed as described above.
Most of the proposed allotropes are 4-coordinated (Figure 1) , while the relative energy plot (Figure 2) shows that all but six have an energy higher that 0.05 eV/C relative to diamond. These six structures are all polytypes or crossed graphene sheets (the networks are shown graphically in Figures S1, S2 in the Supporting Information). Theh ighest energy (3.10 eV), not surprisingly,isfor the nbo net, where all the nodes have square planar geometry.
Thed istribution of the reported allotropes with time ( Figure 3) shows ar enewed interest in the topic from 2011, but also,d istressingly,ahigh rate of repetition. Thew hite areas include some new calculations on older structures.T he grey areas are of structures that have been reported in the same year;s ot hey may represent independent discoveries (we have not delved into the relevant submission dates).
Thep eak around 1991-1995 is due to the stimulus of the suggestion of schwarzites in 1991, named as such in 1992. [125] [126] [127] Of the 32 new allotropes discovered/computed in that five-year period, there are 14 different schwarzites reported 57 times in the 91 total citations of the same period.
Most papers claim novelty of the structure studied, in one of the many ways that human beings have found of distinguishing their work from that of others.Sometimes it is not easy to determine if there is aclaim. At any rate,there is precious little sign in this dispiriting graphic that greater and easier access to science databases has been utilized by theoreticians in the field.
In the Supporting Information, we provide as earchable spreadsheet (.xls) file with all entries of the database (with full references to 224 articles and all the reported values).
SACADAisanopen, living project. We invite scientists to improve it by sending us structures/papers of theirs that we may have missed. Or to use it as they come up with new structures.I tw ill be possible to write to the webmaster of SACADAt oc heck new claims against the nets collected in the database.W ep lan to additionally include 2D allotropes, since already many claims of "graphene-like" allotropes have appeared in the literature. [128] [129] [130] SACADA, as nice as it is (and we are prejudiced), is atool with al imited range.A nd carbon allotropes are as mall subfield of solid-state chemistry and physics.Perhaps we have been unfair to the available tools for searching of the literature by even choosing this field (carbon allotropes) as an exemplar.S ciFinder, CSD,I CSD,a nd Webo fS cience all give us wonderful ways to find, for example,acompound of known stoichiometry,anamed reaction, the bond lengths of aE u ÀSn bond, or even ac hemical structure with stereochemistry.B ut, as we have said above,i t sm uch harder to search for an idea or ac oncept, for example,t he anomeric effect, reactions typical of radicals,orfibroid threads with less than 10 nm thickness.That was as true in the days of Chemical Abstracts and Zentralblatt as it is today.
SACADAi sa ne xample of as mall database,s pecific to aspecialized subfield of one scientific discipline.I tw ould be easy to build such web-based programs for other subfields, and perhaps as asubfield reaches acritical size,and if there is evidence of people not citing each other as they should, such programs will come into being organically,s ot os peak. Still, ar eviewer of our paper asks:" in am ultidisciplinary field, would afocused approach of compilation akin to SACADA be appropriate or even feasible?W ould at ransition to smaller, specialized search databases provide better results,orwould it introduce more uncertainty as not only do the search criteria need to be effective,b ut the search medium itself needs to be appropriate?" [131] These are good questions for the future. We have great confidence in human ingenuity;t here are carbon networks waiting to be found. But if you dontcheck if acarbon network is already in the literature,you can be sure that diligent editors and reviewers will. Help us get rid of the white sections (see Figure 3 )! Cite we must, in measure, and with feeling One could not conceive of science without citations.I t s hard to cite fairly,and in measure.But there is much of value in getting those citations into the paper,often at alate stage of the research, often during the physical act of writing the work up.T hat may be the first occasion (and we are talking about ourselves) that ac ited paper is read carefully,i ni ts entirety. But after all, itsg ood that we read them!I nc ontemplating which citations to include,a nd which to omit, we negotiate matters of trust and mistrust, priority and influence,h istory and politics,a uthority and its denial. Itsd one without much thought, far from the considered life.And thatsOKtoo.F or if we do this-write apaper,decide who to cite-repeatedly, we have,willy-nilly,entered the exercise of ethics. [132] We need to get there.
We end with quoting Robert K. Merton one more time: "The anomalous character of intellectual property in science becoming fully established only by being openly given away (i.e., published) links up with the correlative moral as well as cognitive requirement for scientists to acknowledge their having made use of it. Citations and references thus operate within aj ointly cognitive and moral framework. In their cognitive aspect, they are designed to providet he historical lineage of knowledge and to guide readers of new work to sources they mayw ant to checko rd raw upon for themselves.I nt heir moral aspect, they are designed to repay intellectual debts in the only form in whicht his can be done; through open acknowledgment of them." [133] [134] [135] 
